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Abstract 
The high cost of downstream separation, isolation and purification of rhamnolipids are significantly high and this hampers its 
widespread utilization. Hence, practical and economically sound recovery methods are often sought after. This work focuses on 
assessing various recovery methods of rhamnolipid produced by Pseudomonas aeruginosa. These methods include that of; acid 
precipitation, ammonium sulphate precipitation, zinc sulphate precipitation and solvent extraction. Among these methods organic 
solvent extraction was found to be the best recovery technique giving the highest yield (7.5 g/L) of biosurfactant, while acid 
precipitation yielded the least at 3.5 g/L. Biosurfactant was supplemented with 1% crude oil (TAPIS) as the carbon source. 
Emulsification index (E24) of rhamnolipids to TAPIS was 42%. 
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1. Introduction 
Biosurfactants (BS) are natural surface active agents produced by a variety of microorganisms. These compounds 
have a hydrophilic and hydrophobic portion in its molecule and increases the solubility and biodegradation of 
insoluble compounds like hydrocarbons [1, 3]. BS have a variety of advantages over chemical/synthetic surfactants, 
such as high biodegradability, lower toxicity, high selectivity and high environmental compatibility [2, 3]. 
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Nomenclature 
BS Biosurfactant 
LB          Luria-Bertani 
MSM Mineral Salt Medium 
E24 Emulsification Index 
 
The BS production process is optimized by various research studies, by altering the variables that affect the type 
and amount of BS produced by a microorganism. The promising variables are carbon, nitrogen source [4], and other 
physical and chemical parameters which include temperature, oxygen and pH [5, 6]. Productions of BS from 
renewable sources (called the new generation of BS), have been focused in some recent studies [7, 24-25]. 
BS have potentially replaced synthetic surfactants in various industrial processes like stabilizing dispersions, 
making emulsions in biomedical and pharmaceutical industries, bioremediation of inorganic and organic 
contaminated sites and are expected to have many other future industrial applications [8, 6, 13]. 
When microorganisms are growing on water immiscible substrates, it produces microbial BS extracellularly. 
Microbial BS are important class of compounds because of their high surfactant and ecological properties. 
Rhamnolipids are reported as a new class of renewable resource-based surfactant among the biological surfactants 
and are the most investigated glycolipids. Indeed, rhamnolipids do posses all the positive features of a microbial BS. 
They potray low aquatic toxicity and high biodegradability [9]. 
The ability of the BS to emulsify liquid hydrocarbons is a vital property of BS. It is a significant parameter to 
check the emulsifying capacity of the BS. This is reflected by the property of its Emulsification Index (E24), which 
determined the capability of BS in forming emulsions on various substrates [18].  
The industrial demand of BS are on a constant increase, therefore it is of vital importance to produce BS in a 
cost-effective manner. Several authors have described various recovery methods for BS [10, 11, 14], in order to 
achieve maximum recovery. The present work focuses on the production of BS, produced by Pseudomonas 
aeruginosa and further, to evaluate the efficiency of different recovery techniques. BS was supplemented with 1% 
crude oil (TAPIS) as the carbon source. 
2. Materials and methods 
2.1.  Microorganisms and cell growth. 
Hydrocarbon-degrading bacteria strain Pseudomonas aeruginosa (P20) obtained from the Institute of Medical 
Research (IMR), Malaysia was used throughout this study for BS production. The cells of Pseudomonas aeruginosa 
were active in LB broth medium. 
2.2. Culture medium and BS production. 
The production of BS was in a mineral slat medium (MSM). The composition (g/L) of MSM were as follows: 
NH4NO3; KH2PO4; K2HPO4; MgSO4·7H2O; CaCl2·2H2O and FeCl3·6H2O [12]. The chemicals were of analytical 
grade and used as received without further purification. 
Seed culture of Pseudomonas aeruginosa were inoculated into the MSM. 1% (v/v) TAPIS crude oil were added 
as a carbon source. The flasks were placed in an incubator shaker for 7 days at 40oC and 150 rpm.  During the 
incubation period the Pseudomonas aeruginosa utilized the carbon source to produce the rhamnolipids. 
2.3. Recovery of biosurfactants. 
The dead cells were removed from the culture broth by centrifugation at 10000 rpm and 4oC for 30 min. The 
supernatant containing BS was collected and used to recover the rhamnolipids by employing the below recovery 
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techniques. 
2.3.1. Solvent extraction 
 
The supernatant containing BS was treated with the mixture of extraction solvent (methanol/ chloroform/ 
acetone, 1:1:1 by volume). The mixture was continuously shaken at 200 rpm, 30oC for 5 hrs inside incubator shaker. 
Two layers of precipitate were obtained. The upper layer was discarded. A dry powder was obtained at the end. 
2.3.2. Ammonium sulphate precipitation method. 
 
The supernatant containing BS was precipitated with 40% (w/v) ammonium sulphate and incubated overnight at 
4oC. The precipitate formed was collected by centrifugation at 10000 rpm, 4oC for 30 min. The precipitate was dried 
until a dry, white colored powder was obtained. 
2.3.3. Zinc sulphate precipitation method. 
 
40% (w/v) zinc sulphate was gradually added to the supernatant in order to precipitate the BS. The mixture was 
then incubated for 24 hrs at 4oC. The precipitate was collected by centrifugation at 4oC, 10000 rpm for 30 min, and 
then dried. 
2.3.4. Acid precipitation method. 
 
2N HCl solution was used to acidify the supernatant containing BS, until pH 2. The mixture was then incubated 
for 24 hrs at 4oC. The precipitate formed was collected by centrifugation at 10000 rpm, 4oC for 30 min. The 
precipitate was then dried, and after 24 hrs of drying process a black color paste was obtained. 
2.4. Emulsification index (E24). 
The emulsification index (E24) of culture sample was determined by adding equal volumes of supernatant and 
TAPIS oil in test tube, vortexing at high speed for 2 min and allowed to stand for 24 hrs. The Emulsification index 
(E24) was calculated according to the following equation [15]. 
  
ܧ݉ݑ݈ݏ݂݅݅ܿܽݐ݅݋݊݅݊݀݁ݔሺΨሻ ൌ  ሺܪ݄݁݅݃ݐ݋݂ݐ݄݁݁݉ݑ݈ݏ݅݋݊݈ܽݕ݁ݎȀݐ݄݁ݐ݋ݐ݈ܽ݄݄݁݅݃ݐሻ כ ͳͲͲ                    (1)               
3.  Results and Discussion. 
Four different recovery methods obtained different amount of rhamnolipids (g/L). Table 1 describes the operating 
parameters of each method in addition to their chemical/solvent used and precipitate formed. The ammonium 
sulphate and zinc sulphate methods were used at same concentration; 40% (w/v), and the temperature remain almost 
similar (25oC-30oC) for each method. Fig. 1 shows the recovered BS after the solvent extraction using 
methanol/chloroform/acetone. From the Fig. 1 we can observe that the BS produced is brownish in appearance with 
a rather sticky, viscous texture. 
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Table 1. Operating parameters of rhamnolipid recovery. 
 
 
Fig. 1. BS produced after fermentation 
Yields of BS obtained was presented in Fig. 2, illustrating that the solvent extraction method had the highest 
yield, at approximately 7.50 g/L. This is due to the presence of the hydrophobic end of the BS, making them soluble 
in organic solvent. In a study by Desai and team [21], they explained that the BS recovery depends mainly on its 
ionic charge, and solubility in the desired solvent. This study however employed the usage of acetone instead of the 
typically used 1-butanol. Some BS recovery methods have also adopted this similar approach [16]. Similarly Johny 
et al, 2013 [22] and Sharma et al, 2015 [23] have also concluded that solvent extraction using acetone was the best 
technique in their study.  
On the other hand, ionic precipitation such as zinc sulphate and ammonium sulphate precipitation had almost the 
same amount of yields of 5.25 g/L and 4.90 g/L respectively. This was explained by Rosenberg [19] that the ability 
of microorganism to emulsify oil is the function of pH and divalent cations. At pH above 9 precipitations of salts 
prevented accurate measurements of emulsion. Whereas a sharp increase was noticed between pH 5 and 6, and 
above pH 6 the ability of microorganisms to emulsify hydrocarbons depended upon divalent cations. Hence 
rhamnolipid production decreased rapidly above pH 7.  
The acid precipitation method yielded the lowest BS production, approximately 3.50 g/L. Although these were 
the lowest BS yield obtained in this study, it was still higher than that of El-sheshtawy et al, 2015 [20] which 
Recovery methods Precipitate after recovery Chemicals/ solvents       Operating parameters 
Ammonium sulphate precipitation White coloured powder 
 
Ammonium sulphate  40% (w/v) 
      Temp 25oC 
      Agitation at 160rpm 
 
Zinc sulphate precipitation Brown coloured powder Zinc sulphate 40 % (w/v) 
      Temp 25oC 
      Agitation at 180 rpm 
 
Acid Precipitation Black coloured paste HCl, 2N       Temp 25oC 
Solvent extraction White-coloured powder Chloroform; methanol; acetone. 
      Temp 30oC 
      Agitation at 200 rpm 
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employed a dual recovery method (solvent extraction, acid precipitation). This indicates that even though a single 
step recovery method was employed to recover BS, it still produced acceptable yields of BS. 
 
Fig. 2. Yield (g/L) of BS (rhamnolipids) by different recovery methods. 
The ability to form and stabilize emulsions is one of the most important features to be considered for the practical 
application of a BS [27]. Emulsification indexes are a measure of the ability of a particular substrate to emulsify oil 
substances. This study encompasses the evaluation of various carbon sources as the emulsification substrate. They 
include, a type of light oil (Arab light oil, TAPIS oil), medium oil (Meltia resources oil), and heavy oils (Ratawi oil). 
The rhamnolipids were proven to be efficient in emulsifying different substrates in a wide pH range [28]. Fig. 3 
shows formation of distinct layers of emulsion with the different oils. The emulsifying capacity of BS was 
calculated by an emulsification index. The E24 of BS with different oils were illustrated in Fig. 4, indicating that the 
TAPIS oil was the highest E24 of about 42% as compared to Ratawi oil; Arab light oil, and Meltia resources oil 
having emulsification index of 32%; 21% and 35% respectively. This high value of E24 illustrated that TAPIS oil 
could be the best carbon source for rhamnolipid production [26]. Moreover, the E24 of BS with TAPIS oil had an 
acceptable range of emulsification index (E24) compared to synthetic surfactants. This tallies with that of Vaz et al, 
2012 [29] with values of 36-59% E24 with n-hexane as the carbon source.  In a study by Rahman et al., 2002 [30], an 
E24 of 58-73% was obtained, however, the Pseudomonas aeruginosa strain was different as well as the carbon 
sources used. 
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Fig. 3. Emulsion layers of BS with A) TAPIS oil, B) Ratawi oil, C) Arab light oil, D) Meltia resources oil. 
Although there are various measures to successfully recover BS, the recovery methods in this study were chosen 
due to the ease of implementation with producing robust yield. 
 
Fig. 4. Emulsification index (E24) of BS with different oil samples. 
4. Conclusions 
Downstream processing accounts almost 60% of the total production revenue [16], and for this reason the 
production process favours an efficient and economical recovery method. The BS produced in this work was 
recovered via four techniques. The solvent extraction method was found to be the best technique to recover the 
rhamnolipid, giving the highest yield (7.5 g/L) of BS as compared to the other  recovery methods; zinc sulphate, 
ammonium sulphate and acid precipitation. In addition the produced BS showed significant emulsion with TAPIS 
oil.  
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